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METHODS
Patient population. Fourteen children (10 boys
and 4 girls) aged 2 to 11 years (mean, 7.3 years) under-
went 16 lower extremity vascular bypass graft procedures
with saphenous vein at the University of Michigan from
1974 to 1998 (Table I). No patients were lost to follow-
up, and all patients but one underwent repeat noninva-
sive studies that focused on dimensions of the vein graft,
extremity blood pressures, and limb lengths. This study
was approved by the University of Michigan Medical
School Institutional Review Board for Human Subject
Research.
Vascular occlusions were due to prior cardiac catheter-
ization (11), arteritis (1), dialysis cannulation (1), and
penetrating trauma (1). The mean interval between injury
and operation was 5.7 years (range, immediate to 11.4
years). If one excludes the patient with arteritis because
the time of onset of his disease could not be identified, the
delay in operation was 6.5 years. Operative indications
included LLD (6), claudication (4), both LLD and clau-
dication (3), concern for potential development of LLD
(2), and obvious vascular trauma with hemorrhage (1).
Four patients were noted in two earlier publications from
the authors’ institution.5,6
Lower extremity arterial reconstructions in growing
children are uncommon; most are performed for iatro-
genic trauma from femoral artery catheterization.1-6 Such
an injury, untreated, has the potential to lead to growth
retardation and limb length discrepancy (LLD).4,7-11
Reversed autogenous saphenous vein bypass grafts in
the lower extremities of pediatric patients are a matter of
concern because of documented aneurysmal changes of
vein grafts used for vascular reconstructions in other arte-
rial beds.12-14 This concern was the impetus to investigate
the efficacy and durability of saphenous vein used for
lower extremity revascularizations in children.
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Objective: Limb length discrepancies (LLDs) in growing children may accompany extremity arterial occlusions.
Revascularization with vein grafts has been questioned because of degenerative graft changes observed at other sites.
This study was undertaken to define vein graft durability and efficacy in lower extremity revascularizations in preado-
lescent children.
Study design: Fourteen children (10 boys, 4 girls) with a mean age of 7.3 years (range, 2-11 years) who underwent 16
lower extremity revascularizations with greater saphenous vein grafts were subjected to follow-up with graft ultra-
sonography, ankle/brachial indices (ABIs) with and without exercise, and limb length determinations. A mean of 5.7
years elapsed between the onset of ischemia and operation. Arterial occlusions resulted from cardiac catheterizations
(11), arteritis (1), dialysis cannulation (1), and penetrating trauma (1). Indications for operation included LLD (6),
claudication (4), both LLD and claudication (3), markedly diminished ABIs with a potential for LLD (2), and a trau-
matic transection with hemorrhage (1). The reconstructions with 15 reversed and one in situ vein grafts included
iliofemoral (11), femorofemoral (1), aortofemoral (1), femoropopliteal (1), popliteal-popliteal (1), and popliteal-pos-
terior tibial (1) arterial bypass grafts.
Results: Among patent grafts available for follow-up, 36% (5 of 14) remained unchanged, 50% (7 of 14) developed
nonaneurysmal dilatation, and 14% (2 of 14) exhibited nonprogressive aneurysmal expansion. One graft became
occluded, and one graft was lost to follow-up. Collectively, the grafts manifest an 11.2% expansion at an average of 10.7
years postoperatively. ABIs increased from 0.75 preoperatively to 0.97, at an average of 11.0 years postoperatively.
LLDs were reduced from 1.66 to 1.24 cm, at an average of 11.4 years postoperatively.
Conclusion: Vein graft reconstructions of lower extremity arteries in preadolescent children are durable. They provide
an efficacious means of restoring normal blood flow, and in 70% of children their preexisting LLDs were reduced. (J
Vasc Surg 2001;34:34-40.)
Iliofemoral bypass graft was the most common opera-
tion, performed for catheterization-related injuries (9), an
arteritis-related occlusion (1), and a dialysis cannulation
injury (1). One patient (patient 7) underwent bilateral
iliofemoral bypass grafts with external polyester fiber
(Dacron) mesh tubes placed around the proximal halves of
the vein grafts in juxtaposition to the iliac artery anasto-
moses. Catheterization-related injuries also led to a unilat-
eral aortofemoral bypass graft (1), a femoropopliteal
bypass graft (1), and femorofemoral bypass graft (1). The
remaining two operations included a popliteal-popliteal
artery bypass graft (1) for penetrating trauma and a
popliteal-posterior tibial artery bypass graft performed for
diffuse arteritis (1). All conduits were reversed saphenous
vein, except for the popliteal-posterior tibial artery bypass
graft, which was performed with saphenous vein in situ.
The child with arteritis deserves comment. He under-
went the aforementioned popliteal-posterior tibial artery
bypass graft 4 years after an earlier iliofemoral bypass graft
for continued calf claudication and worsening of the tibial
bone growth. Before the first operation, the 2.0-cm LLD
was composed of a 1.6-cm femur discrepancy and a 0.4-
cm tibial discrepancy. Just before the popliteal-posterior
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tibial artery bypass graft, the femur discrepancy had been
reduced to 0.9 cm, with the remainder of the 2.7-cm LLD
due to a 1.8-cm tibial discrepancy.
Patient evaluation. Duplex sonography established
the diameter of arteries proximal and distal to the bypass
graft, as well as patency of the grafts. The proximal, mid-
dle, and distal segments of the saphenous vein grafts were
also scanned to establish graft diameter. The diameter of
the artery of the contralateral leg, corresponding to the
bypassed artery in the affected lower extremity, was mea-
sured, and it was to this latter artery’s diameter that vein
graft diameters were compared. Ankle/brachial indices
(ABIs) were determined by means of Doppler pressure
measurements with appropriately sized blood pressure
cuffs. Resting ABIs as well as those after 8 minutes of exer-
cise on a treadmill at 2 mile/h and a 5% grade were deter-
mined. Orthoroentgenograms were used to measure limb
lengths with a long ruler with radiopaque gradations
placed next to the extremities, in a manner similar to that
previously described.15,16 Exact limb lengths were
obtained with the ruler for limb measurements to the
nearest millimeter.
All follow-up studies were performed at the University
Fig 1. Immediate postoperative arteriogram of a child having
undergone right iliofemoral bypass graft with saphenous vein. Note
postoperative expansion of vein graft. This change caused veins to
be approximately 20% larger than average dimension of the exter-
nal iliac artery on ipsilateral side in current series and was taken into
account when determining later dilatation of vein grafts.
Fig 2. Intravenous digital subtraction arteriogram in child with
occluded external iliac and common femoral arteries after diag-
nostic catheterization. Iodinated contrast was injected centrally
through a catheter advanced through right brachial vein under
fluoroscopic guidance to junction of vena cava and right atrium.
of Michigan, with the exception of two patients who were
examined at other institutions by physicians using proto-
cols established for this review. The patients were unable
to return to the authors’ hospital for examination.
Definitions and assumptions. Saphenous vein grafts
are known to exhibit immediate distension on arterial
implantation. According to early postoperative arteriograms
at the authors’ institution, it may be assumed that pediatric
saphenous vein grafts placed in the arterial circulation exhibit
an immediate expansion of approximately 20%, compared
with the corresponding adjacent artery (Fig 1). Because
intraoperative dimensions of the vein grafts are unavailable,
we think this observation is reasonable to use in assigning
baseline graft size. Aneurysmal changes, by convention, were
defined as a subsequent increase in the adjusted postimplan-
tation vein graft diameter exceeding 50%.
RESULTS
Saphenous vein graft dilatation. The mean dura-
tion of follow-up regarding graft morphology studied with
duplex sonography (Table II) was 10.7 years (range, 1.8-
26.1 years). The average age of patients at the time of the
most recent study was 18.9 years (range, 11-34 years).
If one considers dilatation with the largest dimension
of the vein graft, then two children (patients 8 and 12)
manifest dilatation of 50% and 63%, resulting in their
grafts being classified as aneurysmal. Among the remain-
ing patent grafts surveyed, 36% (5 of 14) showed no
expansion, and 50% (7 of 14) showed nonaneurysmal
dilatation. Five patients (patients 1, 3, 5, 9, and 12) had
undergone previous duplex imaging of the grafts before
the most recent examination. Of these, only one (patient
1) had a suggestion of progressive dilatation. The patient
exhibiting the greatest graft dilatation also had a sono-
graphic examination 1.5 years postoperatively, and the
graft at that time was the same size as during the recent
examination at 24 years postoperatively, supporting a con-
clusion that the dilatation of this graft was nonprogressive.
Ankle/brachial indices. Preoperative ABIs were
compared with current ABIs with treadmill exercises. The
mean preoperative ABI of 0.75 (range, 0.42-0.97)
improved to a mean of 0.90 immediately postoperatively
(range, 0.70-1.13, P = .005, by 2-tailed paired t test). The
most recent mean ABI of 0.97 (range, 0.66-1.24) was sig-
nificantly greater than the preoperative ABI (P = .0004, by
2-tailed paired t test). Mean duration of follow-up for ABI
determinations was 11.0 years (range, 1.6-26.1 years).
Two patients (patients 11 and 13) had significant drops in
their postexercise ABIs, with one experiencing symptoms
of claudication, whose follow-up arteriographic studies
revealed an occluded vein graft.
Limb length discrepancy. Eleven operations were
performed for a documented LLD or a concern for the
potential of an LLD to develop. One child (patient 3) who
reportedly underwent bypass grafting for LLD did not
have documented preoperative orthoroentgenograms, but
had a gait disturbance and compensatory scoliosis thought
to be due to LLD. Another patient (patient 13) was not
included in the LLD calculations because of an equino-
varus deformity, making any assignment of his LLD to
vascular insufficiency inappropriate. The mean age of
patients at the time of their most recent LLD assessment
was 19.2 years (range, 8-34 years), with a mean follow-up
of 11.4 years (range, 1.7-26.1 years).
The mean preoperative LLD of the entire series was
1.66 cm (range, 0.6-3.0 cm), with the postoperative LLD
being 1.28 cm (range, 0.3-2.9 cm). If one examines the
10 children who underwent both preoperative and post-
operative studies, the improvement in LLD became some-
what less (1.66 cm vs 1.40 cm, respectively, P = .41, paired
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Table I. University of Michigan experience with preadolescent lower extremity ischemia treated with autogenous
saphenous vein bypass graft procedures
Reported indication Follow-up 
Patient Operative age (y), sex Age at injury for operation Operation type duration (y)
1 7, M 10 d LLD, gait, claudication L femoropopliteal 23.7
2A 5, M 5.0 y Thigh claudication R iliofemoral 1.4
2B 9, M 9.0 y LLD, calf claudication R popliteal–posttibial 16.0*
3 3, F 4 d LLD, scoliosis L iliofemoral 15.8
4 7, M 1.7 y LLD, muscle atrophy R iliofemoral 7.3
5 10, M 29 d Claudication L iliofemoral 2.7
6 8, M 29 d Claudication R iliofemoral 4.8
7A 11, F 2.9 mo Concern LLD R iliofemoral 1.6
7B 11, F 2.9 mo Concern LLD L iliofemoral 1.6
8 8, F 2.1 y Claudication R aortofemoral 5.1
9 5, M 30 d LLD L iliofemoral 5.6
10 8, M 3.1 y LLD R iliofemoral 2.2
11 7, M 1.7 y LLD R femorofemoral 25.1
12 9, F 4.4 y LLD, claudication, scoliosis R iliofemoral 24.6
13 7, M 7 y Hemorrhage R popliteal-popliteal 26.1
14 2, M 5 d LLD R iliofemoral 2.4
*Follow-up duration is combined for both iliofemoral and popliteal-posterior tibial bypass graft operations.
Concern LLD, Concern for potential to develop LLD; F, female; gait, gait disturbance; L, left; LLD, limb length discrepancy; M, male; R, right.
t test). However, if one examines only those five children
who underwent both preoperative and postoperative LLD
studies in whom the ABI returned to normal, the LLD
became significantly less in follow-up (1.2 cm to 0.8 cm,
P = .037, paired t test).
DISCUSSION
Revascularization of the lower extremities in preadoles-
cent children is notably uncommon. The knowledge base
derived from adult lower extremity revascularizations with
vein grafts cannot be transferred to pediatric cases, espe-
cially because in children, some of these conduits become
aneurysmal when placed in other vascular beds. Further-
more, most pediatric lower extremity vascular insufficiency,
in contrast to that in adults, is due to iatrogenic trauma.
Shaker et al2 reported that 41 (58%) of 71 severe vascular
injuries in children were due to iatrogenic causes, and oth-
ers have reported the majority of vascular injuries in chil-
dren to be iatrogenic after arterial catheterization.17,18
The incidence of catheterization-related injuries in chil-
dren is not well defined. One reason may be the difficulty
in accurately determining the denominator to calculate the
incidence. A review of the literature supports this with
catheterization-related vascular injuries in children reported
to accompany 0.2% to 37% of such procedures.4,8,19 The
frequency is likely to be higher, not lower. In a recent study
of 58 randomly selected children undergoing femoral artery
catheterization, femoral artery occlusion was documented
in 33%.20 In the current series, 12 (86%) of 14 patients sus-
tained iatrogenic injuries, and all but one were due to
femoral catheterizations for congenital heart disease.
Clinical manifestations of lower extremity ischemia
in preadolescent children. Recognition of arterial insuf-
ficiency affecting a child’s lower extremity may be more
difficult than in an adult. If acute injuries do not cause
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immediate symptoms, they may go undiagnosed until
years later when the consequences of chronic insufficiency
become apparent. Diagnosis is often delayed because of
the child’s ability to develop extensive collaterals, and
pulses in the affected extremity may even be comparable
to the uninvolved side despite iliac or common femoral
arterial occlusions. Physical examination of pulses is cer-
tainly not sensitive enough to predict eventual limb length
changes.7,21 Thus, it is often not until an LLD develops or
the child complains of exercise-related symptoms that the
diagnosis is even considered. Bloom et al’s8 review noted
that discovery of vascular insufficiency occurred from 6
months to more than 4 years after the injury, when chil-
dren experienced claudication or LLD. It is perhaps rele-
vant to note that some have not been able to correlate the
degree of apparent vascular insufficiency with the LLD
severity,4 whereas others have found a statistically signifi-
cant inverse relationship between the ABI and LLD.20
Diagnosis of preadolescent lower extremity arterial
insufficiency. Simple ABI determinations may establish a
diagnosis of limb ischemia; however, detection may
require performance of exercise ABIs. Performance of
conventional arteriographic studies in an effort to better
define suspected injury, especially in the very young, car-
ries the risk of a second arterial injury. Newer diagnostic
modalities might obviate the need for conventional arte-
riographic studies in these patients. Experience at the
authors’ institution suggests that magnetic resonance
angiography may currently not be precise enough to
establish a diagnosis. Intravenous digital subtraction arte-
riography with newer computer enhanced imaging appears
capable of defining these lesions, while avoiding further
vascular complications (Fig 2).
Treatment of acute pediatric lower extremity vas-
cular injuries. Controversy exists as to the proper early
Table II. Saphenous vein graft follow-up data
Largest graft Corresponding artery Age at most recent
Patient diameter (cm) adjusted diameter (cm) % Dilatation Duration of follow-up (y) graft ultrasonography (y)
1 1.07 0.60 48 23.7 32
2A 0.95 0.91 0 16.0 21
2B 0.62 0.79 0 11.8 21
3 0.89 0.67 10 15.8 19
4 0.77 0.57 13 7.3 15
5 1.00 0.70 19 2.7 14
6 1.10 0.74 24 4.8 13
7A 0.71 0.99 0 1.6 13
7B 0.85 1.03 0 1.6 13
8 0.99 0.55 50 5.1 13
9 0.84 0.54 30 5.6 12
10 0.79 0.49 34 2.5 11
11* — — — — —
12 1.19 0.61 63 24.6 34
13 0.44 0.63 0 26.1 33
14† — — — — —
Most recent follow-up graft studies were all performed within the last year of this report.
*Patient 11 is not included in calculations because of thrombosis of graft noted on recent ultrasound.
†Patient 14 has never had ultrasound graft studies performed.
management of children with catheterization injuries, in
part because of the lack of long-term postoperative follow-
up.5 This controversy is amplified by some who think that
LLD occurs in only 0.8% of all femoral catheterizations,9
or is even rarer,10 suggesting little need to treat non-
ischemic lower extremities. In contrast, a more contempo-
rary study on late complications reveals LLD rates of 8%
after femoral catheterizations, all of which were performed
percutaneously.20
Treatment of acute ischemia depends on the size of
the injured vessel and, therefore, the age of the patient.
Unfortunately, the very young child most prone to vascu-
lar catheter injury is also the most technically difficult to
operate on. Although some advocate early revasculariza-
tion of otherwise viable lower extremities because of the
future risk of LLD,2 Smith and Green3 asserted, after a
review of the literature, that good operative outcomes
were in the minority when the child was younger than 2
years. Klein et al6 also argued that early operation for
catheter-related injury led to poorer outcomes than non-
operative management, with an average patient age in this
study of 2.5 years. However, Flanigan et al,4 in one of the
largest reviews of iatrogenic pediatric vascular injuries,
reported that nonoperative management led to a 23%
incidence of LLD, compared with 9% for those managed
operatively. The mean age of children at the time of diag-
nosis of injury in that study was 31 months, with 84% of
the children being younger than 4 years. Furthermore,
93% of those patients treated nonoperatively with heparin
had their ABI return to normal, supporting the tenet that
a normal ABI does not necessarily eliminate the risk for
the development of LLD. Continued vigilance for the
development of vascular insufficiency of the lower
extremity, especially in the patient treated nonoperatively,
is of utmost importance if one is to prevent the complica-
tion of LLD.
Treatment paradigms are nonexistent regarding the
management of pediatric patients presenting with late
complications of their extremity ischemia. The current
series is unusual in that 12 of the 14 children were referred
very late for treatment. In the past, it has been generally
accepted that late operation would not reverse an existing
LLD. This may have been an inaccurate perception.
Various views on the subject exist. For instance,
Whitehouse et al5 described four children who underwent
saphenous vein bypass grafts an average of 62 months after
injury for LLD. Three were available for follow-up, and
none of them exhibited improvement in the LLD.
However, others suggest that late operations can improve,
and even correct, LLDs.8,20 Klein et al6 reported on three
late operations for LLD, and equalization of leg lengths
occurred after approximately 2 years in the two children
available for follow-up. Both underwent saphenous vein
revascularizations. In a similar situation, Walter and
Hoffmann22 described a young girl with an LLD of 4 cm
more than 5 years after catheterization that completely
resolved 2.5 years after an iliofemoral bypass graft with
autogenous saphenous vein.
Treatment delays for chronic ischemia may also be
related to the perception that the consequences of the arte-
rial insufficiency are not severe enough to warrant opera-
tive intervention. After all, it may be difficult to determine
what degree of LLD will become important at a later time.
An LLD of 0.5 cm has been considered abnormal by
some,4,5 whereas others consider a 1.5-cm difference clin-
ically significant.20 One of the first publications to address
LLDs noted that 89% of the healthy, symptom-free popu-
lation had LLDs, some as great as 2.2 cm.23
Stability of saphenous vein grafts in childhood.
Reservations exist about the use of saphenous vein for
arterial reconstructions in the pediatric population. Bloom
et al8 did not use saphenous vein in any of their patients
“because of its small size and poor quality in children.”
Primary patency in the current series was 93% (14 of 15)
at time of surveillance, an average of 10.7 years postoper-
atively. As a conduit to carry blood, these grafts appear to
function well.
Late aneurysmal degeneration of vein grafts placed in
other vascular beds is known to occur in children.
Nonaneurysmal saphenous vein expansion, averaging 18%,
occurred in 45% of grafts used for aortorenal bypass graft
in all age groups at the authors’ institution.12 Greater
degrees of expansion affected younger patients. An addi-
tional 8% of grafts actually became aneurysmal, with an
average diameter increase of 114% (range, 62%-150%).
These changes occurred at an average follow-up of only 14
months. Four of the six aneurysmal vein grafts occurred in
patients younger than 18 years. In a similar setting,
Berkowitz and O’Neill24 cited a 33% incidence of
aneurysms in unsupported saphenous veins in pediatric
aortorenal bypass grafts. That venous conduits in the
young are more prone to aneurysmal expansion may have
biologic explanations, with differences in the arborization
of the vasa vasorum,25 resulting in a greater ischemic
insult to the graft during its harvest and implantation.
The largest prior report of autogenous saphenous
veins used for lower extremity bypass graft in children
comes from Turkey, but the long-term fate of these con-
duits was not reported.26 A recent case report noted that
mild dilatation affects vein grafts placed in the lower
extremity in children,22 which is consistent with our find-
ings. The authors’ current study revealed two aneurysmal
grafts, whose dilatation appears stable and nonprogressive.
Despite these results, it may be prudent to reinforce the
vein grafts with Dacron mesh in regions in which soft tis-
sue support may not be as substantial as in the lower
extremity. This would be the case in patients with deep
abdominal origins of their grafts, such as in our most
recent case (patient 7), where support was used on the
proximal portions of bilateral iliofemoral grafts. Proper
vein harvesting techniques, including normothermic graft
storage in heparinized blood without distention, may be
important in maintaining the integrity of the grafts.
Study limitations. Certain deficiencies are relevant
to this study. First, LLDs were not standardized against
the initial absolute limb length, nor were they standard-
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ized against bone age at time of study or the anticipated
amount of future bone growth. Other authors have con-
cluded that an LLD of more than 2.0 cm at maturity is sig-
nificant.20 This latter opinion followed assessments of the
bone age at the time of measurement and the use of cal-
culated tables to estimate the amount of remaining
growth.27 If such predictions should constitute a major
component of preoperative decision making, it was not
obvious in the current review. No definitive statement on
the timing of operation is possible for the children in this
series. Perhaps that is why there was no significant corre-
lation between LLD and age at operation, or even the
interval between injury and operation. Another possible
reason may be that the children in this study were not
stratified into those who still had anticipated growth at the
time of most recent follow-up and those who have already
reached maturity.
Most authors agree that lower extremity ischemia in
children is seldom immediately limb threatening. The ability
of collaterals to develop in children is truly noteworthy. The
question of when to operate on these patients for fear of the
development or the progression of limb length inequality
remains an important issue. It is a question for which the
current study does not provide a direct answer. Nevertheless,
this experience does support the tenet that documented
LLDs may, in fact, improve with late operations.
Furthermore, and perhaps more important, autogenous
saphenous vein provides a durable graft for arterial recon-
struction in children with chronic lower extremity ischemia.
We acknowledge the generous assistance of John S.
Munn, MD, and Michael Sobel, MD, in obtaining follow-
up results in the two patients who were unable to return
to the University of Michigan.
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DISCUSSION
Dr Walter Whitehouse (Ann Arbor, Mich). If I am not mis-
taken, this is the largest series to be reported in the world litera-
ture, although small in number.
The reversal of limb length discrepancy is nicely demonstrated
here, and I wonder if you could comment on what mechanism you
think accounts for that. Is it just the improvement in blood flow,
or are there other mechanisms that may contribute to that?
In the manuscript, you mentioned placing mesh around the
vein graft to minimize the anticipated expansion. I wonder what
your thoughts are about that now that you have gone back and
reviewed the overall experience. 
What is the clinical significance of limb length discrepancy,
and how much discrepancy is required before there is an impact
on the child’s ability to ambulate and other musculoskeletal prob-
lems related to it?
It appears that the true aneurysmal dilation of saphenous vein
in this position may be different than in other positions, and I
wondered if you could comment on the mechanisms of that. 
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I suspect that this series will be referenced for years to come. 
Dr Jeffry Cardneau. In regard to what mechanisms might be
causing the reversal of limb length discrepancy, one might specu-
late on two mechanisms. The obvious one relates to reversal or
improvement of blood flow that both increases bone growth and
allows maturation of the epiphyseal plates to continue. The second
possibility might be actual increase in blood supply to soft tissues,
providing more of an indirect mechanical impetus for bone growth. 
Dacron tubes were placed around one of our patient’s grafts.
They were very high iliofemoral bypasses, and the mesh was
placed in the proximal half within the abdominal cavity. This was
done because of the high proximal anastomosis and the concern
that surveillance would be more difficult in this region.
Some believe that a limb length discrepancy of less than 2 cm
at maturity probably does not cause a problem. Some studies per-
formed almost a century ago found that the majority of the nor-
mal population had a limb length discrepancy without any
symptoms. Determinations as to when to correct these problems
relate to the existing bone age. If you see a progression of the
limb length discrepancy with an anticipated total discrepancy of 2
cm at maturity, then one might pursue treatment of that. 
Why do vein grafts in this position appear to be more resistant
to aneurysmal change? The two responses that come to my mind
are that the soft tissue support around these grafts in the lower
extremities is different than for those grafts that were placed in the
aortorenal circulation. Second, the flow dynamics in this region are
different than in the aortorenal position. Twenty percent of the
total cardiac output goes to kidneys, a low resistance bed that is
quite different from the higher resistance pediatric lower extremity.
Dr Timothy Kresowik (Iowa City, Iowa). I wonder if looking
at the overall Michigan experience whether there is an effect of
gender, puberty, or the age at initial revascularization.
Dr Cardneau. Attempts to find a correlation between dura-
tion of injury, age at operation, age at injury, and vein graft alter-
ations were unrewarding. This has also been echoed in some of
the prior reports from a number of decades ago.
Dr Robert McLafferty (Springfield, Ill). Two questions. The
first question relates to what you may have just touched on briefly.
What is the normal variability in limb length in adults? It seems
like the differences between 0.8 cm and 1.2 cm are not very great,
but maybe I need to be educated that it is a significant difference
compared with the normal population. 
The other question relates to the type of repairs that were
done. Traditionally, the teaching is that anastomoses, particularly
in pediatric arterial repair, are interrupted. Do you have any infor-
mation, or can you comment on what types of technical repairs
were done on these anastomoses over this time frame? Thank you.
Dr Cardneau. As far as the normal variability, one of the his-
toric studies that was done about the normal population (Am J
Med Sci 1985;69:438-9) found that adult limb length discrepan-
cies as high as 2.2 cm have no significant symptoms, so that being
said, the importance of the limb length correction in our series
may be diminished. 
All anastomoses at our institution were running anastomoses
that were well spatulated. Dr Whitehouse’s earlier paper on pedi-
atric arterial trauma (Arch Surg 1976;111:1269-75) also com-
mented that a well-spatulated anastomosis was more important
than an interrupted suture technique.
Dr William H. Baker (Maywood, Ill). Did these vein grafts
grow with the child? Did the vein graft adapt with the regular
artery? If it did not, then these kids must have had great collateral
circulation to compensate for the nongrowth. Perhaps you could
comment on that. 
Dr Cardneau. I think both are the case in this group of chil-
dren. With an average duration between injury and operation
being 61⁄2 years in our experience and no profound ischemia, there
was clearly a great deal of collateralization. Nevertheless, these
grafts have grown as the child has grown.
Dr William Turnipseed (Verona, Wis). Have you noticed a
difference in the need to reconstruct children who have injuries at
the common iliac or common femoral as opposed to the external
iliac? We have had a couple of very interesting and terrible injuries
in neonates where the external iliac has been avulsed completely
off of the common iliac artery during cardiac catheterization.
These were 18 years ago. No attempt to reconstruct these
neonates was made, and they have grown and developed normally
throughout the last decade and a half. If you have a big healthy
profunda femoris artery in someone under the age of 2, would you
reconstruct that patient, or at what point would you make the
decision perhaps to go from observation to a treatment modality?
Dr Cardneau. I do not have a good answer for that. In several
papers in the past, namely, one by Dr Flanigan (Ann Surg
1983;198:430-2) back in 1983, patients were stratified into
whether or not a palpable femoral pulse was present. If there was
a palpable femoral pulse, they would go on to follow these
patients without operation. While a good percentage (23%) of
them developed a limb length discrepancy, they were relatively
asymptomatic. 
One of the things crucial to making a decision to operate or
not is an adequate diagnosis of where the injury is. Rather than
risk another injury in these children with an arteriogram, we now
use intravenous digital subtraction arteriography. The detail is
quite good when the child is under general anesthesia and com-
pletely immobilized. 
Dr Gary Seabrook (Milwaukee, Wis). Regarding limb length
discrepancy, is there an age that you have established to which
surgery can be delayed and a child can still regain limb length?
Obviously, you wait until the vessels are as big as possible and yet
not lose that window of opportunity for full growth.
Another question: at times we are called to see little kids in the
ICU after they have had some complicated instrumentation.
Frequently, they are sick and are on vasopressors. Were any of your
reconstructions done under those circumstances? Could you com-
ment on your policy in handling kids who are obviously in critical
condition where your goal is to save their limb, but you do not want
to try to undertake an operation under really adverse circumstances?
Dr Cardneau. All of our reported children, with the exception
of a 7-year-old who had a penetrating trauma injury to his
popliteal, were operated on late, so this experience does not relate
to those critically ill children on pressors in an ICU setting. 
There has been more and more documentation regarding suc-
cessful limb length correction after delayed repair. There is another
recent report from Germany this year that documented a 4-cm
limb length discrepancy totally corrected 51⁄2 years after an injury, so
one should not be forced to operate quickly in most circumstances.
Dr John Corson (Iowa City, Iowa). Can you make any spe-
cific comments about your technique of vein graft preparation? Is
it any different than what you would use for an adult vein graft?
Dr Cardneau. The storage of the vein grafts, since they are so
thin and delicate, should be in normothermic heparinized whole
blood. A key element is nondistention of the vein graft during its
harvesting and preparation.
